Yellow nutsedge (Cyperus esculentus L.) is an exotic perennial weed that is believed to have invaded Japan in 1980s or earlier. It was found in upland fields in Honshu and paddy fields in Kyushu. Recent observations show that its populations are increasing in this country presumably because little effort was directed towards controlling C. esculentus. In order to understand its biology in relation to weed management, an attempt was made to compare its growth and reproductive behavior under different water conditions (i.e. dry and wet conditions, to simulate the water conditions of upland and paddy fields, respectively).
Materials and methods Tubers of 5 C. esculentus genotypes used here were originally collected from Kuroiso (TK) and Nasu (TN), Tochigi; Edosaki, Ibaraki (IE), Yachiyo, Chiba (CY) and Hondo, Kumamoto (KH). All the genotypes were grown in concrete pots outdoors for one or two growing seasons to remove possible maternal effects. After being incubated at 30C for a week, single tubers with only one sprout were transplanted into 36 pots (size: 1/5000a) filled with field soil. Five grams of 8:8:8 fertilizer was given to each pot. The pots were arranged on the floor outdoors. The pots were watered daily either to keep the soil moist, or to maintain the water depth at about 5 cm so as to simulate the conditions of upland (i.e. dry) or paddy (i.e. wet) fields. The pots of each treatment were equally allocated to three blocks; and their positions were randomly assigned within block. Final harvests were carried out on different dates for different genotypes when the above-ground part of the plants showed senescence. At harvest, dry weights of the whole plant and its parts were determined for each pot. The data were subject to two-way ANOVA following appropriate transformations and regression analyses (phenotypic correlations). Phenotypic plasticity was calculated according to Cheplick (1995) .
Results and discussion All the traits examined here showed considerable variation among 5 genotypes (for all cases P<0.01, Table 1 ). These genotypes may be morphologically divided into 3 (or 4?) types. Genotypes TK and TN were similar in many aspects; thus they might have originated from the same founder population. Genotype IE was quite different from other genotypes in several ways. In particular, it produced larger tubers, flowered later, and allocated more biomass to tubers but less to stalks, rhizomes, roots and flowers/fruits. Therefore, Japanese populations of C. esculentus might have resulted from multiple introductions of genetically differentiated source populations.
All the genotypes also showed considerable plasticity in response to water conditions (Table 1) . Of all the 18 traits given in Table 1 , only the mean tuber size was invariant across water conditions (P=0.62). All the genotypes produced more ramets and tubers, and accumulated more biomass under wet condition than dry condition. Moreover, water availability could partially regulate the mode of reproduction in C. esculentus: the wet condition generally favors vegetative propagation (tuber production) (indicated by a greater tuber weight fraction, Table 1 ), while the dry condition favors sexual reproduction (indicated by a greater flower weight fraction, Table 1 ).
Analyses of phenotypic correlations among a number of important life-history traits showed that their nature (negative or positive) was not affected by water conditions (Fig. 1) . However, significant differences in slopes between treatments were detected for 5 of 12 cases (Fig. 1 a-d, 1) while the rest showed parallelism (Fig. l e, g-1) . A number of trade-offs occurred between the traits of clonal growth, storage and sexual reproduction (Fig. la-b, d-e, g-i, k-1) .
The implication of this study for weed management is that more attention should be paid to lowlands (e.g. paddy fields) because C, esculentus can perform generally better under wet condition than dry condition with respect to reproductive capacity and potential plant size. However, the results obtained here need further testing under natural conditions. Regression analyses were performed separately for each of the two water conditions. Parallelism of regression lines was examined in one-way ANCOVA and was marked with HM (parallel) and HT (unparallel). Rd and Rw are correlation coefficients of the regressions for dry and wet treatments, respectively. Significance levels are defined as ns nonsignificant (i.e. P>0.05); *P<0.05; **P<0.01; ***P<0.0001. 
